Investment in a broad array of intangible capital -R&D, organizational capital, worker training, and brand equity -has occurred in many of the most advanced world economies and has been found to be an important source of economic growth. This evidence suggests that intangible capital formation may play an important role in China's reform-driven transformation to a more market-oriented open economy. Though the literature on intangible capital is expanding, there has as yet been no general assessment of its role in China's rapid economic growth. This paper seeks to fill this gap by estimating how much intangible investment has taken place there over the last two decades. The importance of this capital as a driver of China's recent growth is then assessed using a growth accounting framework, and the results compared to similar findings for the U.S., Japan, the U.K., Germany, France, Italy, and Spain, as well as Japan during its high growth period. The paper also looks beyond the growth accounting framework to the role of saving rates and long-run convergence in shaping longer-term growth prospects. It also focuses on the problem of accurate economic measurement in an economy undergoing rapid transformation.
This evidence suggests that intangible capital formation may play an important role in
China's reform-driven transformation to a more market-oriented open economy. The privatization of many state-owned enterprises requires an investment in new organizational capabilities and business models, as does progress along the global value chain to a more knowledge-intensive economy. Though the literature on intangible capital is expanding, there has as yet been no general assessment of its role in China's recent growth. This paper seeks to fill this gap by estimating how much intangible investment has taken place there over the last two decades, and assessing the importance of this capital as a driver of China's past economic growth using the model developed by Solow (1957) and Jorgenson and Griliches (1967) , as extended to include intangibles by Corrado, Hulten, and Sichel (2009) . In this "sources-ofgrowth" model, an increase in growth in output per worker is driven by two general factors: capital formation and total factor productivity.
This model has been employed extensively to gain insights into the growth process, and Krugman (1994) uses it to speak to the question of where a high-growth country is heading in the future. If a high rate of output growth is achieved primarily through capital formation, he argues that output growth will tend to slow over time because of diminishing marginal returns to capital (Krugman's growth by "perspiration"). On the other hand, if output growth is primarily driven by improvements in TFP, a high rate of growth is more sustainable (Krugman's growth by 'inspiration"). Our estimates allow us to explore the perspiration-inspiration dichotomy for the case of China using a concept of capital expanded to include intangibles, and then to compare basic research, not because they are unimportant, but because their value is hard to calculate from the data available. Our enterprise intangibles differ from the accounting intangibles carried on enterprise balance sheets.
our results to those obtained by van Ark et. al. (2009) for the U.S., Japan, Germany, and other advanced economies. We also compare the recent growth experience of China to that of Japan during its high growth era using estimates from Nishimizu and Hulten (1978) .
Perspiration and inspiration are unquestionably important determinants of whether China's high growth rates are sustainable, but they are not the only considerations. A country's growth rate may be high because it is in the early stages of convergence to a higher long-run growth path, and both the perspiration and inspiration effects may be exaggerated during this period. A higher rate of TFP growth may occur because of the inward diffusion of technology from other countries and because of the transitional effects of restructuring; a higher rate of capital formation is due, in part, to the feedback of rapid output growth on investment. The effects of both technological diffusion and restructuring diminish in importance as the economy matures and approaches the prevailing best-practice technology frontier, and the rate of capital formation declines as output growth slows and as diminishing returns to capital set in. Thus, China's current growth rates, impressive as they are, do not necessarily imply that its income per capita will overtake or surpass that of the more mature economies of the U.S. and other high income countries. 2
The convergence-to-steady-state-growth model of Mankiw, Romer, and Weil (1992) , provides a framework that looks through transitory convergence effects to the long-run growth path of an economy. Based on the Solow (1956) model of economic growth, this alternative 2 The convergence effect underlies the forecasts of China's future growth shown in the recent World Bank report, China 2030. The growth rate of real GDP shown in Table 1 of that report is estimated to fall to 5.0 percent in the period 2026-2030, from the 9.9 percent average annual rate of the years 1995-2010. The report also notes the possibility that China might be caught in a middle-income growth trap, thought this is prospect is discounted. 6 approach shifts the focus of the empirical analysis away from the historical growth rates of the sources-of-growth model to the "reduced form" factors determining the long-run levels of output per worker that are the ultimate goal of economic development policy. While not a crystal ball, the MRW model provides a well-organized conceptual framework for discussing the potential long-run effects of China's tangible and intangible investment rates, which are explicit arguments of the model as well as estimates of this paper. The "parable" of long-run growth is also suitable for discussing the effects of restructuring of the Chinese economy and the effort to reduce the rate of population growth.
Any empirical attempt to understand China's recent and prospective macroeconomic performance is greatly hampered by uncertainty about the accuracy of the data. Many past studies have had to grapple with this problem, which is summarized in detail in the recent study by Wu (2011) . China is a country in transition from pre-1978 economic structures (and accounting practices) toward an emerging modern economy, and aggregate data thus refer to different economic systems whose boundaries are shifting over time. The measurement of intangible capital also poses significant measurement problems. This form of capital has yet to be fully incorporated into national income accounting practice, and estimates must rely on the availability of other data sources and on assumptions about key variables. This is a problem in data-rich countries like the U.S., and it poses greater difficulties in transitional countries like China whose data systems are less well developed. This imprecision should be kept in mind when interpreting the results.
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II. ECONOMIC REFORM AND INTANGIBLE CAPITAL
The 1978 economic reforms have occurred in three stages, each recognizing the need to improve the organizational and technological structure of firms (Aizenman and Geng (2009) ). During the first phase, from 1978 to 1984, most firms were state-owned enterprises (SOEs), initially under government control. The reforms of this period gave the SOEs' management more power to make decisions. In the second stage of the reforms, from 1984 to 1992, the government introduced more market-driven management, while retaining part of the central planning system. SOEs could sell their products in the market at a price up to 20 percent higher than the price in the central planning system. The third stage, from 1992 to the present, saw the privatization of many of the SOEs. Over this period, the number of SOEs fell from 74,066 in 1992 to 20,680 in 2007. 3 Chinese economic policy continues to evolve, with an increased emphasis on science and technology. The 2007 OECD report cited the 2006 report "Medium to Long Term Strategic Plan for the Development of Science and Technology (2006-2020) " of the China State Council as setting out the "key priorities in science and technology" (page 17). The overarching goal is to make China an "innovation-oriented" society by the year 2020 and -over the longer term --one of the world's leading "innovative economies" with an emphasis on the development of "indigenous" or "home-grown innovation" (page 17).
Whether this emphasis on innovation translates into a successful outcome in terms of technological leadership is another matter. China's economic prowess is built on its success in 9 attempt to move along the global value chain, in order to capture a greater share of the value added. 5
Product design and marketing are not the only intangibles of importance for China's reform-driven growth. The country is undergoing fundamental structural changes in the organization of the economy, and the shift away from SOE's is evidence of the magnitude of the changes taking place. These structural changes involve fundamental changes in the way enterprises are managed: changes in the way decisions are made, changes in the structure of incentives and employee evaluation, and, more generally, changes in the "culture" of the firm.
The critical importance of this kind of change for economic performance is stressed in the important paper by Prescott and Vissher (1980) . They view the firm as essentially a store of organizational knowledge that defines the capabilities and future potential of the enterprise. 6 To realize this potential, the firm must make investments in the requisite operational procedures and infrastructural systems. 7
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The organizational capital of an enterprise affects more than decisions about innovation.
It touches every aspect of a firm's operations and planning. The importance of organizational efficiency for developing countries is underscored by , who report "evidence that firms in developing countries are often badly managed, which substantially reduces their productivity (page 620)." They go on to say that recent work following Van Reenan (2007, 2010) finds that "developing countries like Brazil, China, and India have significantly lower average management scores than firms in the United States, Japan and Western Europe (page 621)." These are essentially microeconomic findings, but they have important implications for the macroeconomic growth estimates of this paper.
III. China's Investment in Business Intangibles
The practical problem with measuring intangible capital arises from an important asymmetry between tangible and intangible capital. Unlike tangible capital, the bulk of the intangible capital used in the business sector originates within firms, and there are thus no market transactions with which to value the investment. Intangibles must therefore be imputed from data outside the available accounting frameworks, or from assumptions and approximations.
Another important asymmetry arises from the fact that many intangibles lack a physical embodiment (hence the name) because they represent the organization or control over certain types of knowledge. Because knowledge is nonrival, it can often be appropriated by competitors to the detriment of the innovator (though not necessarily at zero cost). The fact that many private companies do have R&D programs is, however, evidence that they are successful in capturing Hulten, Hao, and Jaeger (2010) ). See also McGrattan and Prescott (2010) for a different approach to valuation. some value from their investment. Our estimates attempt to measure this value as it is reflected in the cost of making the investment. They therefore refer to the commercial value of this investment and thus exclude the broader social value. 8
Our estimates of the cost of China's intangible capital are shown in Table 1 . This table follows the classification system developed in Sichel (2005, 2009 ) as closely as possible to enable a comparison (the corresponding aggregate time series are shown in Table 6 , as part of a comparison of tangible and intangible investment time trends). Table 1 gives estimates of the rate of intangible investment as a fraction of GDP for the total economy and the market portion of the economy. 9 The overall results indicate a substantial effort at investment in intangible capital (7.47 percent of GDP for the total economy in 2006, and 7.06 percent of GDP for the market sector). Moreover, the rate has increased over time, from 3.79 percent in 1990 to 7.47 percent for the total-economy estimate. The 7.47 percent rate for 2006 is distributed across three main categories in the following proportions: computerized information (software), 25 percent; innovative property, 51 percent; and economic competencies, 24 percent.
The market economy results are similarly distributed. The subcomponents of the three categories also show a degree of diversity. One implication of these estimates is that the scope of intangible investment is much broader than R&D spending alone, which accounts for only18 percent of the total-economy intangible rate. This point should be kept in mind when interpreting the various OECD science and technology indicators available for China, which tend to focus more narrowly on the technology aspects of the innovation process.
China's intangible investment rate is substantial and growing, but how does it compare to other countries? To address this question, we examine the experience of China in light of the corresponding rates of intangible investment in the world's largest economies, which we obtain from the study by van Ark, Hao, Corrado, and Hulten (2009) . The result is shown in Table 2 , which shows that China's 7.06 percent investment rate (market economy) is comparable to the estimates for Germany and France, as well as Italy and Spain, but well behind the three leaders.
It seems reasonable to conclude, on the basis of these estimates, that China's commitment to building a knowledge-based economy is roughly consistent with the corresponding efforts in the world's leading economies, in so far as that commitment can be proxied by the intangible investment rate.
Whether this investment in innovation translates into a successful outcome in terms of technological leadership is another matter. Half of the intangible investment rate in China is due to two categories: software and architectural and engineering design. These two items are tied to investments in tangible capital (ITC and residential structures), and a more focused measure of organizational and product/process innovation would exclude them. The result of this exclusion is shown in the last row of Table 2 . The adjusted rate for China is only 3.56 percent for 2006, substantially less than the corresponding adjusted U.S. rate of 8.61 percent, 6.78 and 6.65 percent for Japan and the U.K., respectively, and 5.21 and 5.20 percent for France and Germany.
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IV. INTANGIBLE CAPITAL IN THE ANALYSIS OF PRODUCTION AND GROWTH
Formal models of economic growth are usually based on the assumption that a stable aggregate production function exists that relates output, Q t , to labor input, L t , and to the stock of tangible capital, K t . In the form used in the empirical growth models of Solow (1957) and Jorgenson and Griliches (1967) , a multiplicative (Hicksian) efficiency term, A t , is added in order to allow for costless changes in the efficiency with which the inputs are used, resulting in a production function of the form Q t = A t F(L t , K t ,). The Q t variable is an index of the volume of the total output of consumption and the two types of investment (see equation (4) below). The term A t is typically associated with costless technological and organizational change, over and above any investment in R&D, such as the diffusion of technology developed elsewhere and the reallocation of resources from less to more productive firms.
Firms invest in intangible capital in order to increase future profits, suggesting that this form of capital does not play a role in the production of contemporaneous output. On the other hand, intangible investment uses resources that might have been devoted to other uses and is thus a valid part of the contemporaneous output mix. This conceptual issue can be resolved by reformulating the problem in terms of profits, and treating the implied meta production function as a process that includes product development and sales (Hulten (2012) ). In this reformulation, output is interpreted as the volume developed, produced, and sold, providing a rationale for 14 including non-production intangible inputs and outputs in the structure of production. 10 The resulting meta production function has the following form:
The output index Q t now includes intangible investment, N t , and the list of inputs includes the net stock of accumulated intangible capital.
Aggregate production is typically assumed to take place under constant returns to scale to capital and labor in neoclassical formulations of production and growth. A competitive equilibrium is also assumed in which labor and capital are paid the value of their marginal products. Under there circumstances, the following accounting identity can be derived directly from the production function:
(2)
Applied to the aggregate economy, this is an expanded form of the well-known identity between GDP and Gross Domestic Income (GDI) on which national accounting practice is based.
Because these accounts have traditionally omitted most intangibles from both sides of the accounting identity, their inclusion has the effect of increasing GDP as conventionally measured.
Moreover, when both side of this identity are divided by the current value of (expanded) GDP, the identity can be expressed as
Tables 1 and 2 focused on the size of the intangible investment share, s N . As we shall see, the size of labor's income share, s L t , is also an issue of major importance for the analysis of China's growth.
The prices in the accounting identity (2) refer to the corresponding quantity variables.
Those on the left-hand side are product prices, but only the first two prices are determined by market transactions because the bulk of intangible investment is produced within the firm. Its price must be interpreted as a shadow value and imputed, and finding an appropriate imputation procedure is one of the most unsettled issues in the emerging literature on macro intangibles.
The prices on the right-side of (2) are input prices, with P L t denoting the wage and P K t and P R t representing the Jorgensonian user costs of capital (imputed as per Jorgenson (1963) and Jorgenson and Griliches (1967) ). Under the competitive market assumptions of the model, the input prices are equal to the corresponding value of marginal product, and the shares are therefore equal to the corresponding output elasticities.
A. The Sources-of-Growth Model
The investment rates of Tables 1 and 2 shares. The residual portion of the former not explained by the latter is the total factor productivity growth (TFPG) residual:
The growth rate of output in this formulation is the sum of the share-weighted growth rates of the constituent outputs:
The variables involving dots are the annual growth rates of the variables in the production function (1).
TFP growth is measured as a residual in (3), and under the assumptions of the conventional model without intangibles, it is equal to the growth rate of the shift term, A t of the production function. However, it is at this point that the price paid for extending the conventional production framework to incorporate intangibles, as per (1), becomes an issue. It is shown in Hulten (2012) that the optimal investment decision about firm-specific intellectual capital involves monopolistic elements, with the important implications that prices are no longer equal to the value of the marginal products. As a result, the income shares are no longer equal to the corresponding output elasticities and the sources-of-growth model (5) yields a biased estimate of A t . 11 While a monopolistic bias is not surprising given the firm-specific nature of 11 The approach to non-current inputs advocated in Hulten (2012) is based on the model of advertising developed by Nerlove and Arrow (1962) , expanded in the 2011 paper to include R&D, and is explicitly a non-competitive model with a mark-up of price over marginal cost. This leads to the problem studied by Hall (1988) , who shows that the existence of a mark up of price over marginal cost, and the resulting disconnect between shares and elasticities introduces a bias in the link between TFP and A t . This is the
intellectual property, the size of the bias may not be all that large because of the nature of the technological competition for market share and the implied pricing strategies.
The conventional model of productivity analysis treats technological change as both autonomous and costless ("Manna from Heaven"). The introduction of intangibles into the analysis allows for a higher degree of endogeneity in the innovation process, but TFP does not disappear when corrected for the presence of intangibles. The residual contains factors other than innovation, such as variations in capital utilization, shocks to the economic systems, the effects of changing the policy environment, omitted variables like human and infrastructure capital, and errors in measurement.
Two components of the TFP residual deserve special attention. First, it captures the effect of reallocating resources from lower to higher productivity producers. This is potentially an important effect of the Chinese reforms, given the diminished importance of state-owned enterprises (Bai et. al. (2008) and Hsieh and Klenow (2009) ). The cross-sectional survey by Dollar and Wei (2007) found evidence of unequal returns to capital among firms and that the SOE's had systematically lower returns, suggesting potential benefits from further reallocation.
Second, TFP embodies the technology captured by users other than the original innovator. This capture is not costless, but is generally less costly than the full development costs of the original innovation. This is potentially an important source of TFP growth for countries like China that price paid for the internal consistency of the sources-of-growth meta model when expanded to include intangibles. However, the bias in the shares does not invalidate the adding-up condition (2'). start with lower levels of technology. 12 Both the diffusion and reallocation effects suggest a significant role for TFP in the growth of China, at least in the near term.
TFP competes with capital formation as a source of growth in Equation (3). The dichotomy between the two for any given rate of growth in output per worker is important for understanding the path ahead, for the reasons pointed out by Krugman (1994) with his distinction between perspiration and inspiration. As noted in the introduction, China's high rate of output growth is generally thought to be more sustainable if it is driven by the latter more than the former, if capital accumulation is subject to diminishing returns to scale. However, there is a major caveat to the perspiration-inspiration dichotomy. To the extent that China's TFP growth is driven by reallocation and diffusion, inspiration cum TFP is itself not immune from the diminishing-returns problem. The productivity-enhancing benefits of reallocating economic activity to more productive firms is likely to diminish as the relative importance of the SOEs declines. Moreover, opportunities for appropriating best-practice technology via diffusion decline as the best-practice technology frontier is approached.
B. The Sources of Growth and Labor's Share of Income
It is not surprising that a large literature has evolved in the sources-of-growth tradition, given the size and importance of China's economy. 13 The literature is too extensive to review here, but Wu (2011) provides a good summary and, in particular, one that draws out two key issues. First, there is substantial disagreement about the true size of China's labor share, s L t ,
which is low by international standards. The study by Bai and Qian (2010) reports that the share fell from an average of just under 60 percent for the period 1978 to 1998 to around 48 percent after 2004. That was the year in which a substantial accounting change occurred, which explains about one half of the overall decline. This change involved the way the income of SOEs, collective farms, and individual business owners was divided between labor and capital. The rest was attributable to structural shifts in the economy.
The pattern reported by Bai and Qian has an important implication for growth accounting.
Since labor's share of income is a proxy for the corresponding output elasticity in the sources-ofgrowth framework, and since the shares sum to one, the larger the labor share, the smaller is the share associated with capital. A look at equation (3) shows that capital's share leverages the growth rate of the corresponding capital stock, so the larger the share, the greater the impact of the associated capital growth and, other things equal, the smaller the share left over for the TFP residual (see, for example, Hulten and Isaksson (2007) for the magnitude of these impacts across countries). This issue is particularly important for China, given the extraordinarily high investment rates and rapid growth in the capital stocks.
The paper by Gollin (2002) shows that China's lower measured labor share is by no means the exception among lower and lower middle income countries. However, he attributes the lower labor share in these countries to the misattribution of much of the income accruing to proprietors and the self-employed to capital. When imputations are made that reclassify part of this income to labor, Gollin finds that labor's share (in the early 1990s) rises significantly in the lower income countries, from 47 percent to the 65-75 percent range. This result has been taken 20 as justification for using a labor share at or above 60 percent regardless of the data obtained from official accounts. 14 A 60 percent labor share is used by Bosworth and Collins (2008) in their study of Chinese growth. Wu (2011) also uses this figure as one of the alternatives he considers in this study, along with the 40 percent labor share used in Chow (1963) , and the share as actually measured. This procedure is a welcome and appropriate acknowledgement of the problem, and it allows the reader to see the range of estimates and choose among the alternatives.
C. Estimates of China's Sources of Growth
The problem of data accuracy goes beyond the question of labor's share. Wu also points to problems with other variables that enter the sources-of-growth model, and makes alternative estimates of real output, capital, and labor. In many cases, these estimates diverge considerably from the corresponding official data. He finds, for example, that his alternative estimate of real output grew at an average annual rate of 9.4 percent over the period 2001 to 2008, versus the "official" rate of 10.5 percent. The gap is much wider in the preceding period 1991 to 2001, 7.0 versus 9.9 percent. Wu also finds a gap between the "official" estimates of labor and capital and his estimates. As a result, the rate of TFP growth computed as per (3) is significantly lower using his alternative measures. When combined with the effects of different assumptions about 14 Gollin's results make a valuable contribution to this difficult problem. They point to the need for improving official data and suggest a way to proceed until improvements are made. However, there is a deeper conceptual problem. The division of self-employment income into the return to either labor or capital (tangible and intangible) may be an appropriate accounting convention for a modern industrial economy, but it is not necessarily appropriate for the economic activity originating in the informal, or traditional, sectors of a low income economy. On any given work day, a self-employed person may be simultaneously both a proprietor/manager/entrepreneur and a worker. It is thus unclear how to isolate the separate marginal products of labor and capital required for the growth accounting exercise (if they even exist, given the high degree of jointness in the use of time). Nor is it clear that the marginal product of labor, if it can be clearly defined, is approximately equal to the wage the proprietor might earn in the next best labor force alternative in the informal sector. The range of plausible TFP estimates is far too large to have any confidence about its role in the growth process, or to settle the associated perspiration-inspiration problem. However, the main focus of this paper is on the role of intangibles as a source of growth. Proceeding in the spirit of Wu's multiple alternatives, we show results for two assumptions about the labor share:
in our first variant, we use the average factor shares of the countries included in the van Ark et.
al. study (the "EIB shares"), and compare these results to the outcome obtained directly from the data ("China shares"). We use the "official" data from the NBS which, though probably biased upward, provide a baseline for comparison with a broader range of cross-national studies. Table 3 shows our results, both with and without intangibles, for the years 2000 to 2008.
In both cases, the introduction of intangibles in the analysis leads to a restatement of the relative importance of the various sources. The contribution of intangible capital is around one-sixth of the growth in output per worker using either factor-share assumption, where its implicit contribution was previously zero. Put differently, the omission of intangibles exaggerates the importance of the other traditional sources. One implication is that while TFP continues to be a 15 In other words, whether or not TFP growth is a significant factor in China's growth depends on how you measure it. This finding recalls the earlier "Tyranny of Numbers" debate between Young (1995) and Hsieh (12999, 2002) about the role of TFP in the growth of the Asian Tigers. In that debate, the role assigned to TFP (and to perspiration versus inspiration) turned on whether TFP growth was measured using quantities, as in equation (3) of this paper, or formulating the problem in terms of prices (the "dual" to (3)). significant source of growth, the perspiration-inspiration debate is tilted towards overall capital, although the assumption about the size of labor's share continues to matter (both with and without intangibles). Finally, the introduction of intangibles does little to change the growth rate of real GDP per worker (compare the columns 1 and 2 in the first row to columns 3 and 4).
The sources of growth results for China are compared to the leading economies of the world in Table 4 . Again, it is not a surprise that the Chinese growth rates dominate the corresponding rates in other countries. However, while the share-weighted growth rate of China's intangibles is more than twice that of the other countries, its relative percentage contribution is the smallest for every other economy except Japan's, where it is essentially the same. In the U.S., intangibles contribute 30 percent of the 2000-2006 growth rate, while the Chinese rate is only half of the U.S. figure. China's continued reliance on tangible capital growth suggests a continued emphasis on manufacturing production.
The comparisons in Table 4 refer to countries at different stages of development. China is seemingly a country in the earlier stages of reform-induced development and is therefore not directly comparable to the other countries in Table 4 , which are at a more mature position in their respective economic evolution. A more apt comparison would be between China's recent growth and that of Japan during its high growth era. 16 This comparison is shown in Table 5 using results from Nishimizu and Hulten (1978) , in which the sources of Japanese growth were estimated for the years 1955-71. This study did not include intangible capital, but did use two estimates of tangible capital and a common labor share of 45 percent. The comparison between the high-growth era of Japan and the recent experience of China reveals a similarity not present in the preceding table. Labor productivity growth rates are similarly large, and the growth in capital per worker played an important role, as did the growth of TFP. A look back at Table 4 shows that Japan's rapid growth rate has abated as its economy began to experience some of the problems of mature economies. Income per capita in Japan is currently only about 70 percent 0f the corresponding U.S. figure.
V. THE CONVERGENCE HYPOTHESIS
A. The Mankiw, Romer, Weil Model
The patterns in Tables 4 and 5 do not prove that China is following a similar path to that of Japan. However, China cannot grow forever at 8 to 10 percent per year, as the World Bank report China 2030 notes, and the comparison of Japan in these tables is instructive in light of the "Japan as Number One" claims made during that country's high growth era. The patterns of these tables are consistent with the hypothesis that China is in the early stages of convergence to a higher, reform-induced, growth path of the sort described by Barro (1991) . If so, the convergence hypothesis predicts that its growth must ultimately slow.
To examine this possibility and its implications, we use a variant of the convergence model developed by Mankiw, Romer, and Weil (1992) . This model is particularly useful in the current context because it connects the investment rates of Table 1 and the output elasticities to long-run outcomes. It is based on the steady-state growth model of Solow (1956) , and is composed of two parts: a steady-state equilibrium and a convergence path to that equilibrium. 17
In the first part, a steady-state value of output per person is derived from an aggregate Cobb-Douglas production function
The parameters α, β, and γ, are the Cobb-Douglas output elasticities (now constant), and they indicate the percentage impact on output generated by an increase in the respective input. The A(X) indicates the general level productive efficiency, as before, but now it is made an explicit function of a set of externally determined "state" variables, X. These state variables are included in the shift term A(X) under the hypothesis that environmental, institutional, and cultural variables affect the efficiency of production. The X's are treated as exogenously determined, and are thus not choice variables under the control of the individual enterprises that underlie the production function. 18
The production function provides a snapshot of an economy's output-generating capacity at any point in time. Over time, output grows because of three factors in the model: (a) labor, which grows at the rate η; (b) capital, which is formed at the gross rate s I t (adjusted for depreciation at the rate δ); and (c) technical efficiency, which grows at the rate λ. These does not occur. The endogenous growth model has the attractive feature that it provides one way to incorporate R&D and human capital into the growth process, rather than treating innovation as a purely exogenous process. However, this advantage is attenuated when intangibles are introduced into the Solow and optimal growth models as both an output and an input. Moreover, while the divergence feature of the endogenous growth model may help explain the growing gap between rich and poor countries, it is not an attractive model to apply to the cases with a sudden acceleration in growth, followed, in the case of Japan, by a subsequent slowdown.
variables are assumed to be fixed and exogenously determined, as are the saving rates, s I t and s N t .
Given these last assumptions, MRW show that the economy evolves toward a steady-state growth path along which output per worker converges to a fixed value
The long-run prosperity of a country is determined, in this formulation, by its frugality (as reflected in the rates of saving), its innovativeness (as represented by the variable λ), its population growth (the variable n), and the effectiveness of its institutions, as embodied in the index A(X). A higher rate of investment in either type of capital increases the level of output per worker, but higher population growth has the opposite effect. An increase in the rate of costless technical change, on balance, increases output per worker.
Two of the logical properties of this formulation deserve special attention. A higher rate of saving leads to a higher level of long-run output per worker, other things equal, but does not affect the long-run rate of growth. In fact, the steady-state rate of growth of capital per worker is zero in this model. The sources-of-growth results shown in Tables 3 and 4 should be viewed with this in mind. Moreover, because the steady-state growth rate of the capital-labor is zero, a steady-state version of the sources-of-growth decomposition (3) assigns no weight to capital formation, leaving the exogenous rate of technical progress, λ, to explain all of the growth in output per worker. In other words, it's all about inspiration in the long-run. 19 The second part of the MRW model involves the transition to the steady-state path described by equation (5) above. At any point in time, the actual level of output per worker. Q t /L t , differs from the steady-state value (Q/L)* and is generally presumed to be below the latter).
In the MRW model, the gap between Q t /L t and value (Q/L)* is assumed to be closing at a rate μ [=(n+λ+δ)(1-α-β)] from a starting point
The growth rate of an economy depends, here, on the size of the gap between its current position on the convergence path and its steady-state target, and thus differs from the formulation in the growth accounting equation (3) (though the two are consistent). The larger the remaining gap to close, the higher the rate of growth, explaining why economies in the early stages of convergence have higher rates of growth, and why these rates gradually decline. One important implication is that a larger contemporaneous growth rate in output per worker in one country versus another does not imply that the former will necessarily end up on a higher steady-state growth path with a higher level of prosperity. It may simply have started from a much lower initial level of output per worker. It might be recalled, here, that the current gap between output per worker in the U.S. and China is around six to one.
B. Reforms and Convergence
The structure of the Solow/MRW growth model is far too simple to capture the complexity of the events that have taken place in China since 1978, and economic growth in the sources-of-growth formulation, TFP refers to the Hicks'-neutral rate of technical change, i.e., the growth rate of A t . The two rates are connected by the formula λ = TFP/s L .
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real world does not proceed automatically according to a prescribed formula (recent events are a reminder that there is a demand side to the growth problem). Indeed, there is something otherworldly about any model in which the course of events unfolds smoothly and predictably into a distant future. The steady-state framework is best regarded as a parable that illustrates certain points, and the steady-state growth parable does capture some of the main economic mechanisms of the post-1978 Chinese reforms. It also provides a useful way of organizing data and interpreting data. For example, the move toward a more market-oriented economy open to global trade can be thought of, in MRW terms, as influencing the state variables X in the efficiency function A(X) in order to initiate convergence to a higher steady-state value of output per worker.
The transformation of the Chinese economy to achieve a more efficient framework for production is a key aspect of the reform process, and certainly one that will play a major role in the long-run prosperity of the country. A reduction in the rate of population growth via the onechild policy is another factor in encouraging higher long-run labor productivity, albeit one with other cultural and structural implications. Changes in the saving rate also boost the steady-state level of output per worker in the MRW framework (but, again, not its long-run rate of growth).
The rate of costless technical change, λ, has offsetting effects on the steady-state solution in (5), but, on balance, is a positive factor. It is treated as externally determined, an assumption with greater credibility when intangible capital is added to the model.
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VI. SAVING AND CONVERGENCE
A. Chinese Saving Rates Table 6 shows the rates of saving/investment for various categories of tangible and intangible capital, as well as the rate of expenditure on education, for the years 1995-2008. The total rate for intangible investment, as measured by Gross Fixed Capital Formation (GFCF), and expressed as a fraction of expanded GDP, rose from 32 percent 1995 to 38 percent in 2008.
Moreover, this growth rate accelerated significantly in the second half of the period. GFCF includes both business fixed investment and investment in residential real estate, which we impute to be around half of the total in the period 2001-2008. The rate of intangible capital grew rapidly over this period (6.6 percent per year), but the growth of the core intangibles rate (without software and design), was significantly slower (3.7 percent). The table also shows that the expenditure rates for ITC equipment and education have increased.
These rates are put into an international context in Figures 1, 2, and 3 . Figure 1 compares the rates of intangible investment, s N t , across countries with labor productivity, Q t /L t , which is closely related to income per capita. The countries included in the comparison are based on the larger economies studied by van Ark et. al. (2009) . The results for the large economies are generally consistent with Barro (1991) , who shows that countries with larger rates of tangible investment exhibit higher income per capita. China is possibly such an outlier, but this is hard to tell because of the absence of low and middle income countries in the comparison. Table 2 shows China has a relatively high rate of intangible investment, so its position in Figure 1 is due in large part to its significantly lower labor productivity. One explanation for this result is that China is in the earlier stages of the convergence process, so a higher reform-induced 29 intangible investment rate would be consistent with a relatively low labor-productivity ratio, when compared to other economies further along in the convergence process. However, the observed patterns in Figure 1 could also reflect convergence to different steady-states paths, since other parameters besides the investment rates are important. A comparison of Japan and the U.S. shows that mature economies can have roughly the same rates of intangible investment, but different levels of labor productivity.
The picture changes somewhat when the core rate of intangible investment on the last row of Table 2 is used in place of the gross investment rate. This comparison is shown in Figure   2 , where the association between s N t and Q t /L t , is seen to be stronger, with the U.S. the unambiguous leader. While China is still an outlier, and continues to be roughly at the level of Italy and Spain, it is now at distinctly below the level of the other countries. The U.S. lead also widens.
The pictures changes quite a bit in Figure 3 , where the rate of tangible investment is compared to the output per worker across countries. Here the position of China is so different that it is hard to explain solely in terms of the early stages of the convergence process, or even as convergence to a higher growth path. There is, however, another possibility. China's outlier status here, and in the preceding figures, may be the result of investment rates that are inflated by a policy designed to encourage or force rapid economic growth. This kind of policy may reflect an initial "big push" to get the economy launched on the new reform-induced steady state path.
In this regard, Young (1995) Moreover, Figure 4 reveals a positive association between this ratio and labor productivity, with the U.S., the U.K., and Finland showing intangible/tangible ratios above one. France is just below this value, while Germany, with its greater orientation to manufacturing, is around 0.7.
China is again an outlier with respect to the other countries, but its intangible/tangible ratio of around 0.3 is among the lowest in the countries shown in the figure. Despite substantial investments in intangible capital, China still appears strongly oriented to its manufacturing base.
VII. CONCLUSION
Intangible capital in its various manifestations -human capital, technology, organizational development, product design and marketing -is the foundation on which modern economies are built. The architects of current Chinese economic policy, in government and in business, are well aware of this reality and have promoted a high rate of investment in intangible capital. Its impact is apparent in the estimates of this study, which, despite all the problems and ambiguities with the data, finds that intangibles have played a significant role in China's recent growth. This role is, however, not nearly as great as in the U.S. economy, and investment rates in China appear to be dominated by a commitment to tangible capital, both residential and nonresidential. This, in turn, raises questions about the country's progress along the global value chain to greater affluence.
Given the current momentum, there is every reason to expect that intangible investment will continue to play an important, and perhaps an increasingly important, role in the future,
given the recent trend in the country's science and technology indicators. Though the macroeconomic evidence is ambiguous and the perspiration-inspiration issue is left unresolved, China appears to be moving to a higher long-run level of output per worker, regardless of which of the saving rates or capital output elasticities reported in this study are assumed to prevail in the long run. Indeed, the experience of Japan appears to be a reasonable model on which to base guesses about the path ahead. However, this may be a long march, particularly if the objective is to catch up to, or exceed, the U.S. The current income gap between the two countries is quite large, with output per person in China only 16 percent of the U.S. number in 2007. A rough "development accounting" calculation suggests that, even after controlling for intangible capital formation, the differential in TFP was responsible for 40 to 53 percent of this gap, depending on the assumption about the size of capital's income share. Filling the gap may prove challenging, particularly the TFP "inspiration" part of it, but is certainly not impossible. Corrado and Hulten (2010) to carry out growth accounting of Germany, France, the UK and the US. Note: All estimates are without intangibles. Sources: Japan data is from Nishimizu and Hulten (2010) . Chinese data on GDP, employment, and gross capital formation are from the China Statistical Yearbooks. Data on initial capital stock (1980) is from Chow (2002) . We use a perpetual inventory method and a 5 percent depreciation rate to estimate the capital stock of years from 1981 to 2008. Sources of EIB shares are unpublished data from van Ark et. al. (2009) and Corrado and Hulten (2010) . Table 6 Chinese Investment Rates for Different Types of Capital (% expanded GDP)
Note: intangible investment includes investment in software and mineral exploration. The averages with the asterisks shown in the last two rows report the shares of each type of investment in conventional GDP, rather than the expanded GDP of the prior two rows. Sources: The source of education spending and tangible investment (Gross Fixed Capital Formation) is the China Statistical Yearbooks, provided by the National Bureau of Statistics. 
